Abstract This study evaluated the pH effect on the lipid oxidation and polyphenols of the emulsions consisting of soybean oil, citric acid buffer (pH 2.6, 4.0, or 6.0), and peppermint (Mentha piperita) extract (400 mg/kg), with/ without FeSO 4 . The emulsions in tightly-sealed bottles were placed at 25°C in the dark, and lipid oxidation and polyphenol contents and composition were determined. The lipid oxidation was high in the emulsions at pH 4.0 in the absence of iron, however, iron addition made them more stable than the emulsions at pH 2.6 or 6.0. Total polyphenols were remained at the lowest content during oxidation in the emulsions at pH 4.0, and iron reduced and decelerated polyphenol degradation. The results strongly suggest that polyphenols contributed to decreased lipid oxidation of the emulsion via radical scavenging and ironchelation, and rosmarinic acid along with catechin, caffeic acid, and luteolin were key polyphenols as radical scavengers in the extract.
Introduction
Salad dressing is an emulsion food in which the oil and vinegar maintain a stable system by an emulsifier such as egg yolk. Some prooxidative metals such as iron can be present in egg yolk, however, antioxidative food materials such as herbs are often added to the salad dressing. Peppermint (Mentha piperita) is a perennial herb that has excellent taste and flavor, and its ethanol extract reduced the iron-catalyzed lipid oxidation of oil-in-water emulsions due to high content of polyphenols [1, 2] . In a strictly chemical sense, polyphenols should have at least two independent phenolic moieties. However, monophenolics such as caffeic acid are often the biogenetic precursors of polyphenols, and thus monophenolics are usually included in polyphenols when evaluating the antioxidant activity of herbs in the emulsion [3] .
Polyphenols can decrease lipid oxidation by engaging in reactions such as ionization, oxidations, aromatic transformations, and formation of metal complexes, depending on the structure [4, 5] . On the other hand, they can reduce Fe 3? to more active prooxidant Fe 2? which decomposes peroxides into free radicals [6] . This may partly explain the reason why different herbs whose polyphenol composition differs show different antioxidant activity. In addition, the stability of polyphenols may be dependent on the pH, although it was not still settled yet. Zoric et al. [7] reported lower stability of rosmarinic acid at pH 7.5 than at pH 2.5, however, the opposite result was also reported [8] . The antioxidant activity of the ethanol extracts of mint leaves (Mentha spicata) and carrot tuber (Daucus carota) was higher at pH 9 than pH 4, while that of drumstick (Moringa oleifera) extract remained the same under both pH conditions [9] . Among olive polyphenols, oleuropein and hydroxytyrosol accelerated the Fe 3? -induced lipid oxidation of olive oil-in-water emulsion at pH 3.5 and 5.5 but not at pH 7.4. The 3,4-dihydroxyphenylethanol-elenolic acid reduced the prooxidant effect of Fe 3? at pH 3.5, 5.5, and 7.4 [10] . These studies suggest that herb extracts with different polyphenol composition show different pH-dependence in their antioxidant activity.
This study was performed to evaluate the pH effect on the lipid oxidation and polyphenol contents and composition in soybean oil-in-water emulsion with added peppermint extract during oxidation in the absence and presence of iron.
Materials and methods

Materials and reagents
Refined, bleached, and deodorized (RBD) soybean oil was generously provided by Samyang Corp. (Seoul, Korea), and fresh peppermint (M. piperita) was purchased from the Hwanamnongsan (Greenfarm) (Seoul, Korea). The egg yolk lecithin was purchased from Goshen Biotech (Namyangju, Korea), and the HPLC grade n-hexane, water, and methanol were purchased from Samchun Chemical Co. (Seoul, Korea). Isopropanol and ferrous sulfate (FeSO 4 ) were purchased from Mallinckrodt Baker Co. (Phillipsburg, NJ, USA) and Junsei Co. (Tokyo, Japan), respectively. Folin-Ciocalteu's phenol reagent, cumene hydroperoxide (CuOOH), p-anisidine, xanthan gum, ammonium thiocyanate, and standard polyphenols (danshensu, rosmarinic acid, caffeic acid, catechin, luteolin, luteolin-rutinoside, salvianolic acid B, and isosalvianolic acid A) were purchased from the Sigma-Aldrich Co. (Saint Louis, MO, USA). All other chemicals were of analytical grade.
Preparation of peppermint extract
Fresh peppermint was freeze-dried at -50°C and 5 mtorr for 24 h using a TFD5505 freeze dryer (Ilshinbiobase, Dongducheon, Korea), and ground in an Essence HR 2084 blender (Philips, Amsterdam, Netherlands). It was then mixed with 75% ethanol (1:10, w/v) at 25°C and 120 rpm for 12 h. The mixture was filtered through a Whatmann #42 paper (GE Healthcare Life Sciences, Little Chalfont, UK), and the solvent was evaporated to dryness using a rotary evaporator at 65°C (N-N series; Eyela, Tokyo, Japan).
Preparation of emulsions and oxidation
Before preparation of emulsions, RBD soybean oil was purified to remove all of the tocopherols, pigments, and metals by passing it through a glass column packed with silicic acid and aluminum oxide (Sigma-Aldrich Co., St. Louis, MO, USA) [2] . The oil-in-water emulsion was prepared with purified soybean oil (40 g), citrate buffer solution at pH 2.6, 4.0, or 6.0 (60 g), xanthan gum (0.35 g), and egg yolk lecithin (0.35 mg) [2] . The peppermint extract was added to the buffer solution to have a concentration of 400 mg/kg emulsion, and ferrous sulfate (5 mg/kg) was added to some of samples. Soybean oil and egg yolk lecithin were slowly added to the water-soluble ingredients, and then homogenized using an Ultra-Turrax T25 homogenizer (IKA Instruments, Staufen, Germany) at 10,000 rpm for 6 min.
The emulsion (7 g ) was transferred into 20 mL serum bottles, which were then tightly capped with Teflon-coated septa (Cronus, Glocester, England) and aluminum caps. All samples were placed in an LBI-250 incubator (Daihan Labtech Co., Seoul, Korea) at 25°C for 6 days in the dark. Light was excluded throughout the experiment for all experiments.
Analysis of polyphenols in peppermint extract and the emulsion Total contents of polyphenols in the peppermint extract and the emulsions were determined by Folin-Ciocalteu method [2] . In the case of emulsions, the emulsion was dissolved in hexane and then mixed with methanol-water mixture (3:2, v/v), followed by centrifugation (Avanti J; Beckman Co.) at 4°C and 11,8729g for 20 min. The Folin-Ciocalteu reagent was added to aqueous layer and the absorbance was read at 725 nm using a UV-Vis spectrophotometer (UV-2700, Shimadzu Corp.). Total polyphenol content was expressed as a rosmarinic acid equivalent with a calibration curve (r 2 = 0.9914). Polyphenol composition was determined using a YL 9100 HPLC (Younglin Instrument Co., Ltd., Anyang, Korea) equipped with a UV detector (280 nm), YL 9150 autosampler, and symmetric C18 column (4.6 9 150 mm, 5 lm; Waters Corp., Milford, MA, USA). The mobile phase was a mixture of 2.5% formic acid and methanol in a gradient system of 5% (0 min), 30% (15 min), 40% (40 min), 50% (60 min), 55% (65 min), and 100% (90-95 min) on methanol basis at 0.8 mL/min [2] . Each compound was identified by comparing retention times with those of standard polyphenols and quantified with peak areas in electronic unit (eu).
Analysis of lipid oxidation of the emulsions
Lipid oxidation of the emulsion was evaluated based on the hydroperoxide and p-anisidine values. The hydroperoxide content of the emulsion was determined using the ferric thiocyanate method [2] . The emulsion was mixed with a solution of isooctane and 2-propanol (3:1, v/v), followed by centrifugation (Combi 514R; Hanil Science Industrial, Incheon, Korea) at 10009g for 2 min. A mixture of methanol and chloroform (2:1, v/v), 3.94 M ammonium thiocyanate solution, and 0.132 M BaCl 2 and 0.144 M FeSO 4 solution were subsequently added to the organic layer. After 20 min, the absorbance was read at 510 nm using an HP8453 UV-Vis spectrophotometer (UV-2700, Shimadzu Corp., Kyoto, Japan) and the hydroperoxide content was expressed as CuOOH using a calibration curve (r 2 = 0.9988). To determine the p-anisidine value, the emulsion was dissolved in isooctane, followed by centrifugation (Avanti J; Beckman Co., Fullerton, CA, USA) at 11,9499g and 4°C for 20 min. The anisidine reagent was mixed with the organic layer, followed by absorbance reading at 350 nm using a UV-Vis spectrophotometer (UV-2700, Shimadzu Corp.) [11] .
Statistical analysis
All samples were prepared in duplicates, and each sample was measured twice. Data were statistically analyzed using SAS/PC (SAS 9.2, SAS Institute Inc., Cary, NC, USA) including regression analyses and Duncan's multiple range test at a significance level of 5% as well as determination of means and standard deviations.
Results and discussion
Polyphenol content and composition of peppermint extract
The yield of peppermint extract from freeze-dried peppermint was 17.31 ± 0.26%. Total content of polyphenols in the peppermint extract, determined by the Folin-Ciocalteu method, was 168.98 ± 3.44 g/kg. Among polyphenols identified, rosmarinic acid (35.94%), isosalvianolic acid A (24.21%), and salvianolic acid B (11.92%) were predominant, and danshensu, catechin, caffeic acid, luteolin-rutinoside, and luteolin were also detected at \ 5% ( Fig. 1) . Peppermint (M. piperita) has been reported to contain phenolic acids such as rosmarinic and caffeic acid and flavonoids such as luteolin with their derivatives [12, 13] , and polyphenol composition of herbs was largely dependent on the extracting solvent [14] .
Lipid oxidation of emulsions
Degree of lipid oxidation, based on the hydroperoxide contents and p-anisidine values, of the soybean oil-in-water emulsion at the pH 2.6, 4.0, or 6.0 with added peppermint extract (400 mg/kg) without iron during oxidation at 25°C in the dark is shown in Fig. 2(A), (B) . The hydroperoxide content of the emulsions at pH 2.6, 4.0, or 6.0 without iron but with added peppermint extract were 0.05 mmol/kg before oxidation and significantly increased during oxidation due to hydroperoxide production (p \ 0.05); 0.19, 0.25, and 0.20 mmol/kg, respectively, after 6 days. The emulsions at pH 2.6 tended to show lower hydroperoxide contents than the emulsions at pH 4.0 and 6.0 which showed no significant differences each other (p [ 0.05). The p-anisidine values of the emulsions at pH 2.6, 4.0, or 6.0 without iron but with added peppermint extract were also significantly increased during oxidation (p \ 0.05) due to aldehyde production upon hydroperoxide decomposition. The p-anisidine values tended to be higher in the emulsions at pH 4.0 than at pH 2.6 or 6.0. The results indicated that the lipid oxidation of the peppermint extractadded emulsion was dependent on the pH. Overall, there was a tendency that the emulsions at pH 4.0 showed higher hydroperoxide production and decomposition. This could be related to the pH effect on the polyphenols of the peppermint extract added to the emulsions. It was reported that apple polyphenols were stable at pH 5.0 [15] . The antioxidant activity of antioxidants is affected by hydrogen-donating ability, relative stability, and distribution in emulsions which were dependent on the pH; a-tocopherol and trolox in Tween 20 solutions were the most stable at pH 3 and the least stable at pH 7 [16] . Free forms of catechin were more stable at pH 4.0-5.0 than pH 6.0 [17] . The hydroperoxide and p-anisidine values of the soybean oil-in-water emulsions with added both iron (5 mg/ kg) and peppermint extract (400 mg/kg) during oxidation at 25°C for 6 days in the dark showed a very similar pattern with time to those of the emulsions without iron [ Fig. 2(C), (D) ]. The hydroperoxide content of the emulsions with added both iron and peppermint extract were significantly increased from 0.05 mmol/kg to 0.24, 0.28, and 0.18 mmol/kg after 6 days at pH 2.6, 4.0, or 6.0, respectively (p \ 0.05). It is interesting that hydroperoxide contents were significantly lower in the emulsions at pH 4.0 (p \ 0.05) than the emulsions at pH 2.6 or 6.0 up to 3 days in the presence of iron, however, they were more rapidly increased with time after 3 days. There was a tendency of higher hydroperoxide production in the emulsions at pH 2.6 than pH 4.0 or 6.0 in the presence of iron, meaning that the iron-catalyzed lipid oxidation was higher in the highly acidic emulsion. This could be due to higher solubility of Fe 2? [18] and its lower degree of oxidation to less prooxidative Fe 3? at low pH [19] , resulting in higher lipid oxidation at pH 2.6. It was reported that the antioxidant activity of the mint leaves (Mentha spicata) in the iron-induced oxidation of linoleic acid was higher at pH 9.0 than at pH 4.0 [9] . The emulsions at pH 2.6, 4.0, or 6.0 with added both iron and peppermint extract showed a significant increase in p-anisidine values with time (p \ 0.05); 5.75, 5.38, and 5.60, respectively, after 6 days. The p-anisidine values tended to be lower in the emulsions at pH 4.0 than in the emulsions at pH 2.6 and 6.0 which were not significanlty different (p [ 0.05). This indicates that the lipid was more stable at pH 4.0 than pH 2.6 or 6.0 in the emulsions containing iron (II). The overall results suggest that the pH dependence of the lipid oxidation in the emulsion was affected by the iron presence.
Further study on the detailed interaction among pH, polyphenols, and iron is required.
Polyphenol contents of emulsions
Polyphenols in the emulsions were derived from the peppermint extract since soybean oil and other ingredients did not contain any polyphenols (data not shown). Polyphenol content of the emulsions at pH 2.6, 4.0, or 6.0 without iron but only with added peppermint extract (400 mg/kg) was 64.10, 59.87, and 56.93 mg/kg, respectively, before oxidation and 6 days oxidation significantly decreased (p \ 0.05) the content to 37.39, 27.20, and 29.47 mg/kg which was 58.33, 45.43, and 51.77% of the initial level, respectively [ Fig. 3(A) ]. These results clearly indicate degradation of polyphenols during the emulsion oxidation. Polyphenols were remained at lower level in the emulsions without iron addition at pH 4.0 than at pH 2.6 or 6.0, which was a similar pH dependence of hydroperoxide production and decomposition. This result suggests that higher lipid oxidation in the emulsions at pH 4.0 could be resulted from significantly lower level of polyphenols in the emulsions than at pH 2.6 or 6.0 in the absence of iron (p \ 0.05). In the emulsions with added both iron and peppermint extract, polyphenol content decreased to 61.20% (38.58 mg/kg), 56.86% (34.28 mg/kg), and 70.99% (40.76 mg/kg) of the initial level after 6 days at pH 2.6, 4.0, and 6.0, respectively [ Fig. 3(B) ]. It is interesting that iron addition reduced polyphenol degradation in the emulsion. This provides a possibility that polyphenols act as antioxidant less chemically in the presence of iron than in its absence. Polyphenols scavenge radicals by donation of phenolic hydrogens to the radicals, resulting in their degradation to quinones [20] . When polyphenols form a complex with iron without their oxidation, radical production is reduced and their degradation can be subsequently decreased. The hydroxyl and carboxyl oxygen in polyphenols confer good metal-chelating properties [21] . The effectiveness of metal chelation by polyphenols in emulsions is dependent on the steric relationship of the hydroxyl groups and their arrangement on the ring(s), as well as lipid/hydrophilic phase partitioning; polyphenols with an ortho-dihydroxy substituted arrangement are the most effective in binding metals [22] . Although total polyphenol content of the emulsions at pH 2.6 was significantly higher than at pH 4.0 (p \ 0.05), there was no significant difference in total polyphenol contents between the emulsions at pH 2.6 and 6.0 or between pH 6.0 and 4.0. These results suggest that polyphenol degradatin was less affected by the pH in the iron presence than in its absence. Polyphenol degradation during 6 day oxidation of the emulsion showed high correlations with time (r 2 [ 0.90) as shown in Table 1 . The rate of polyphenol degradation in the emulsions without iron but only with added peppermint extract at pH 2.6, 4.0, and 6.0 was 4.882, 5.155, and 4.998 mg/kg/day, respectively, and the rates were not significantly different (p [ 0.05). Considering the antioxidant mechanism by peppermint extract in the emulsion without iron, the results indicate that the rate of radical scavenging by the peppermint extract, specifically polyphenols, was not dependent on the pH of the emulsion without iron. On the other hand, addition of iron to the emulsion significantly (p \ 0.05) decreased or tended to decrease the polyphenol degradation rate to 4.009, 4.475, and 2.988 mg/kg/day at pH 2.6, 4.0, and 6.0, respectively. These results indicate that the iron decelerated polyphenol degradation, and suggest that the polyphenols in the peppermint extract might be less participating in radical scavenging than iron chelation in decreasing lipid oxidation of the emulsion containing iron (Fe 2? ). When polyphenols are bound to iron, they lower its reduction potential for the oxidation; Fe 2? -polyphenol complex is rapidly autooxidized to Fe 3? -polyphenol complex in the presence of oxygen via stabilization of electron from Fe 2? or electron transfer to oxygen generating less reactive superoxide radicals [23] . Thus iron-binding by polyphenols could reduce polyphenol degradation and lipid oxidation in this soybean oil-in-water emulsion containing iron (Fe 2? ). The emulsions with added iron also showed significantly slower degradation of polyphenols at pH 6.0 than at pH 2.6 or 4.0 (p \ 0.05). The Fe 2? is less soluble at pH 6.0 than at pH 3.0 with less effect on radical production and polyphenols [18] , and thus polyphenols in this study could be more slowly degraded at pH 6.0 than at pH 2.6 or 4.0. Moreover, decreasing the pH causes a decrease in iron binding to polyphenols [24] , and thus less Fe 2? could be chelated to polyphenols in the emulsions at pH 2.6 or 4.0 than at pH 6.0, resulting in higher polyphenol degradation by radicals.
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Polyphenol composition of emulsions
Rosmarinic acid was the richest polyphenol present in the emulsion with added peppermint extract, followed by caffeic acid. Catechin, luteolin-rutinoside, salvianolic acid B, isosalvianolic acid A, and luteolin were also detected. Total peak areas of polyphenols of the emulsions with added peppermint extract but without iron addition were decreased with time, confirming polyphenol degradation during the emulsion oxdation ( Table 2 ). Among identified polyphenols in the emulsions at pH 2.6 without iron addition but with added peppermint extract, rosmarinic acid and luteolin showed significantly reduced peak areas (p \ 0.05) after 6 day oxidation, and there was no significant change in peak areas of catechin, caffeic acid, salvianolic acid B, and isosalvianolic acid A (p [ 0.05). In the emulsions at pH 4.0 without iron addition, there were decreases in peak areas of catechin, caffeic acid, luteolinrutinoside, rosmarinic acid, and salvianolic acid B after 6 days (p \ 0.05), while isosalvianolic acid A and luteolin did not show significantly changed peak areas (p [ 0.05). The oxidation of the emulsions at pH 6.0 without iron addition showed significantly decreased peak areas of catechin, caffeic acid, rosmarinic acid, isosalvianolic acid A, and luteolin (p \ 0.05). Degradation of polyphenols is related to their antioxidant action in lipid-containing foods [25] , and thus significant degradation of rosmarinic acid at all pHs during oxidation of the emulsions without iron addition suggests their role as radical scavenger in reducing lipid oxidation. Thus our results on the polyphenol composition suggest that rosmarinic acid play an important role in radical-scavenging to decrease lipid oxidation in the emulsion containing peppermint extract without iron, with lower contribution of catechin, caffeic acid, and luteolin. It was reported that the DPPH radical scavenging activity of rosmarinic acid derived from the aqueous acetone extract of peppermint leaves was higher than caffeic acid [26] .
The emulsions with addition of both peppermint extract and iron showed similar trend of polyphenol contents and composition to those of the emulsions without iron but with peppermint extract during oxidation (Table 3 ). The emulsions at pH 4.0 showed significant decrease in peak areas of catechin, luteolin-rutinoside, rosmarinic acid, and salvianolic acid B during the oxidation in the iron presence (p \ 0.05), however, there was no significant change in peak areas of isosalvianolic acid A and luteolin (p [ 0.05). It is interesting that caffeic acid content was increased in the emulsions at pH 6.0 during oxidation. (1) Polyphenol content (mg/kg) = a x oxidation time (days) ? b, r 2 -= determination coefficient (2) Different superscript means significantly different values among samples in the same column (a, b, c) or in the same row (A, B) by dummy regression analysis at 5% Table 2 Polyphenol compounds of emulsion of soybean oil-in-water emulsion (4:6, w/w) with added peppermint extract (400 mg/kg) without iron during oxidation at 25°C in the dark pH Day Peak area in electronic units (1) 
Not detected Table 3 Polyphenol compounds of emulsion of soybean oil-in-water emulsion (4:6, w/w) with added peppermint extract (400 mg/kg) and iron (5 mg/kg) during oxidation at 25°C in the dark pH Day Peak area in electronic units (1) Catechin 
Not detected pH on the emulsion lipid and polyphenols 1291
Structurally, rosmarinic acid is an ester of caffeic acid with 3,4-dihydroxyphenyl lactic acid, and formation of caffeic acid from rosmarinic acid in oil-in water emulsions via an oxidative breakdown of rosmarinate quinone was reported [27] . However, the pH effect on the formation of caffeic acid from rosmarinic acid and metal-chelation of polyphenols with plant extract has not been yet reported, and further study is needed.
In conclusion, the pH significantly affected the lipid oxidation of soybean oil-in-water emulsion (4:6, w/w) with added peppermint extract, depending on iron presence; the overall lipid oxidation was low in the emulsions at pH 4.0 in the absence of iron, however, it was more stable at pH 4.0 than at pH 2.6 or 6.0 in the presence of iron. Polyphenols derived from peppermint extract contributed to decreased lipid oxidation of the emulsion via radical scavenging and iron-chelation, and rosmarinic acid was an important radical scavenger to decrease the lipid oxidation with lower contribution of catechin, caffeic acid, and luteolin.
